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Since the problem of clinical differentiation between pemphigus and other
bullous diseases (dermatitis herpetiformis, erythema multiforme bullosum) may,
at times, be extremely difficult, many attempts have been made to develop lab-
oratory procedures which might differentiate between these two groups. The
Pels and Macht Test (1), the complement fixation test of Urbach and Brandt
(2), the Grace neutralization test of pemphigus antibodies (3) and the Welsh
cataphoretic Test (4) are a few of the procedures devised for this purpose. It is
known that certain chemical changes may be found in the sera of patients with
pemphigus (shift of the Na and K ions, decrease in Ca and Cl ions, a reverse
A/G ratio, etc.) and it has also been repeatedly affirmed that a "toxic factor"
is present in the circulating blood (virus, toxins from focal infections, etc.).
(Urbach (13), Dostrovsky et al. (5), Grace and Suskind (6), Waelsch (7), Radaeli
(11). It was believed, therefore, that serums from patients with pemphigus
might be altered by the above factors and that these alterations would produce
changes in the light absorption of the visual spectrum when a diluted serum
was treated with a dye. The purpose of this report is to describe the technic
employed and the results obtained.
MATERIALS AND METHODS
1. Normal solution of sodium acetate, buffered to pH 7.6 with 0.1 N HC1.
2. 0.1 % aqueous Brom Thymol Blue (prepared from a 1 % alcoholic solution—
Harleco).
3. Coleman Jr. Spectrophotometer.
4. Calibrated 12 x 75 mm. cuvettes.
5. Water bath at 37° C.
6. Test tubes 15 x 100 mm.
7. Pipettes; 10 ml., 1 ml., and 0.2 ml. graduated in 1/1000 ths.
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TECHNIC
Test
0.5 ml. fasting, raw serum heated for 10
minutes at 370 C.
5.0 nil, sodium acetate buffer
0.085 ml. 0.1% Brom Thymol Blue
Mix well by pouring back and forth several
times from tube to cuvette.
5.5 ml. sodium acetate buffer
0.085 ml. 0.1% Brom Thymol Blue
Mix well by pouring back and forth several
times from tube to cuvette.
Employing the sodium acetate buffer as a blank, read the amount of light
absorption' at wave lengths of 400, 450, 500, 550, 615, 650 and 700 m (millimi-
crons) of the spectrophotometer. The control test is performed for checking
the Brom Thymol Blue solution as well as the spectrophotometer. It is known
that the maximum absorption of light employing Brom Thymol Blue as an
indicator is at the wave length 615 nip. The readings obtained were plotted on
graph paper with the percent light transmission on the ordinates against the
wave lengths on the abscissae.
I
vRV
The following experiments were designed to ascertain the effect of electrolytes
on the color and the percent of light absorption of the Brom Thymol Blue. Chart
A represents the three graphs that were obtained when (I) dilute acetic acid
(pH 2.75), (II) normal solution of sodium hydroxide (pH 8.2) and (III) normal
solution of sodium acetate buffer (pH 7.6) are subjected to the technic outlined
1 Light absorption is the complement of the per cent transmission, e.g., 70 per cent
absorption = 30 per cent transmission.
Controi
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for the control procedure. In graph I one observes that the light absorption
diminishes as the wave length is increased. In graph II starting with the wave
length 450 mjz, the opposite is observed until the peak of the Brom Thymol Blue
is reached at wave length 615 mi, followed by a rapid descent. Graph III using
the normal solution of sodium acetate buffer at a pH 7.6, represents the pattern
of light absorption obtained. Chart B represents the changes in the field of light
absorption patterns obtained using normal solutions of sodium acetate buffered
to pH 7.2, pH 7.4, pH 7.6 and pH 7.8. There is variability in the degree of light
absorption observed between wave lengths 450 and 500 m. At pH 7.2 there is
a —4% light absorption, at pH 7.4 a —1 % light absorption, at pH 7.6 a + 1 %
light absorption and at pH 7.8 a + 4% light absorption. It will be noted that the
degree of ionic dissociation which represents the pH of the solution is expressed
by changes in the amount of light absorption between wave lengths 450 and 500
mj. Therefore, it would appear that as the pH is decreased the degree of light
absorption is also decreased. In the actual test the sodium acetate buffer is used
at the pH 7.6, since it represents the minimum p11 necessary to obtain the maxi-
mum degree of light absorption of the Brom Thymol Blue at wave length 615
mi.
RESULTS
Having ascertained as a standard the light absorption graph of Brom Thyrnol
Blue in sodium acetate buffer (pH 7.6) (Chart B graph VI) we studied the effect
of serums from 175 patients with a variety of skin conditions (Table 1) and 47
with bullous diseases (Tables 2 and 3).
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TABLE 1
Normal ,Serum Graphs obtained from Out Patient Service of the New York Skin & Cancer
Unit and Ho8pitalized Patients of the Department of Dermatology, Bellevue and Univer-
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TABLE 2
NO.OP DIAGNOSIS CLINICAL STATUS HISTOLOGY JYUSA. ISULT
1 P.V. Active Yes I.E.B. 10 wks. Comp. with pem
2 P.V. Few bullae Yes LE.B. Camp. with pem
3 P.V. Very active Yes I.E.B. Camp. with pem4 P.V. Very active Yes N.D. 1 yr. Comp. with pem
5 P.V. Very active Yes I.E.B. Comp. with pem
6 P.V. Active No N.D. Camp. with pem
7 P.V. Very active Yes I.E.B. 10 mas. Camp. with pem
8 P.V. Active No N.D. 1 ma. Camp. with pemP.FJ
s-u.s.J Very active No I.E.B. 33. yrs. Comp. with pem
10 Very active I.E.B. 6 yrs. Camp. with pem
11 E.M.B.? Very active No I.E.B. 8 mos. Comp. with pem
D.H.? J
12 P.F. Active No I.E.B. 5-6 yrs. Comp. with pem
13 P.F. Active No 5 yrs. Comp. with pem
14 P.? Very active No N.D. 3-4 wks. Comp. with pem




16 P.V. Active Yes N.D. 4 wks. Doubtful
17 P. Veg. Doubtful
18 P. Veg. No lesions No I.E.B. 21 mos. Doubtful
P.V., 'I19 Inactive 18 mas. No 4 yrs. NormalP. Veg.j
20 P.V. Inactive No Normal
21 P. Veg. Active No I.E.B. 2-3 mos. Normal
22 P.F. Very active No I.E.B. 11 yrs. Normal
Explanation of abbreviations: P.V. = pemphigus vulgaris, P.F. = pemphigus foliaceus,
P. Veg. = pemphigus vegitans, P. = acute pemphigus, S-U.S. = Senear-Usher syndrome,
E.M.B. erythema multiforme bullosum, D.H. dermatitis herpetiformis, I.E.B. =
interepidermal bullae, N.D. = not done.
Chart C graph VIII denotes an example of the type of graph that was obtained
from 175 patients (Table 1). There was a certain degree of fluctuation in the
amount of light absorption observed at wave length 615 mit, but there was
always more light absorption at this wave length than at 550 m. It was decided
to consider this pattern to be that of a Normal Serum. It will be observed in
graph VIII that the effect of normal serum on the graph of Brom Thymol Blue
(dotted line) is a marked diminution of the degree of light absorption at wave
length 615 mgi. However, this marked effect cannot be considered as due to the
electrolytes alone.
Graph IX (Chart C) represents an example of light absorption obtained from
a patient with dermatitis herpetiformis. It can readily be seen that the pattern
is similar to that obtained with normal serum.
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TABLE 3
NO. OF
PT. DIAGNOSIS CLINICAL STATUS
ISOUTH
LESIONS HISTOLOGY DUZA. RESULT
1 D.H. Very active No S.E.B. 5 moe. Normal2 D.H. Few bullae No S.E.B. Normal
3 D.H. Very active No S.E.B. 14 wks. Normal
4 D.H.? or Several bul- No S.E.B. Normal
E.M.B. lae
5 D.H. Very active No S.E.B. Normal6 D.H. Very active No Normal
7 Normal
8 D.H. Active No S.E.B. 2—3 yrs. Normal9 D.H. Active No S.E.B. 5 yrs. Normal
10 D.H. Active No S.E.B. 1 yr. Normal
11 D.H. Very active No S.E.B. 2 moe. Normal
12 D.H. Very active No S.E.B. Normal
13 D.H. Very active No S.E.B. 7 yrs. Normal
14 D.H. Active No S.E.B. Normal
15 D.H. Few lesions No S.E.B. Normal
16 D.H. Active No S.E.B. Normal
17 D.H. Active No N.D. Normal
18 D.H. S.E.B. Normal
19 E.B. Active No S.E.B. Many yrs. Normal
20 D.N.N. Few bullae No S.E.B. 3 yrs. Normal
21 Active Yes N.D. 2-3 moe. Comp. with pem
D.H.?)22 P V ? J Few bullae No S.E.B. 4 wks. Comp. with pem
23 D.H. Few bullae Yes N.D. Comp. with pem
24 E.M.B. Few bullae Yes Comp. with pem25 D.H. Dry pap. No S.E.B. 8 moe. Comp. with pem
lesions
Explanation of abbreviations: D.H. dermatitis herpetiformis, E.M.B. erythema
multiforme bullosum, E.B. = epidermolysis bullosa, D.N.N. dermatitis nodularis
necroticans, P.V. = pemphigus vulgaris, S.E.B. subepidermal bullae, N.D. = not done.
It will be noted that the pattern of light absorption of the two graphs of X
(pemphigus vulgaris and pemphigus foliaceus) approach the graph obtained with
dilute acetic acid (Chart A graph I). This type of graph is an "acid-type" al-
though the pH of the serums is always alkaline. For the sake of simplification
these patterns will be designated as the "acid-type."
DISCUSSION
Upon examination of serums from normal individuals and from patients with
non-bullous dermatoses, a graph of the percent of light absorbed (inverse of
light transmitted) was obtained employing the technic previously mentioned.
This graph (Chart C graph VIII) represents the usual pattern of light absorp-
tion of normal serum and has been designated as the Normal Serum Graph.
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It should be pointed out that in several severe systemic diseases (mycosis fun-
goides, multiple myeloma, erythrodermia and subacute lupus erythematosus)
there was no deviation from the Normal Serum Graph. However, in patients
with pemphigus vulgaris, particularly, as well as those with pemphigus foliceus
or the Senear-Usher syndrome (pemphigus erythematosus) a deviation from the
normal pattern of light absorption was observed. This deviation consisted of an
elimination of the peak of light absorption at wave length 615 mi as compared
with the light absorption at wave length 550 mL (see Chart C graph X). From
our data it was concluded that when the difference of light absorption between
that observed at wave length 615 mi and that at 550 mj is equal to 0% this type
of graph represents the least degree of deviation from the Normal Serum Graph,
but sufficient to designate it as a graph compatible with pemphigus. Serums that
show a plus 0.5% to a plus 1.5% absorption at wave length 615 mi as compared
with that at 550 mi should be considered as in the doubtful range. The clinical
condition of the patient must be considered when the result obtained falls within
this doubtful range.
Chart C graph VIII denotes the effect of normal serum on the absorption of
light at the peak of the Brom Thymol Blue graph (wave length 615 mi); the
dotted line represents the superimposed graph of Brom Thymol Blue. A 53 %
decrease of light absorption is observed at this wave length (615 mM). Normal
serum alone produces this decrease of light absorption. In some instances the
decrease can be greater or less and still be considered as the effect of normal
serum at wave length 615 mM. However, when the light absorption at wave
length 615 mz is the same or less than the light absorption at 550 mgi, this is
considered as abnormal. Serum aged at room temperature for more than 4—6
days or serum to which a chemical such as merthiolate has been added also pro-
duce a graph of diminished absorption of light at wave length 615 m as com-
pared with that at 550 mM. In 2 cases of biologic false positive reactors and in 2
cases of latent syphilis as well as in 3 patients with pityriasis rosea the abnormal,
or "acid-type," pattern was observed (see Table 4). Thus far it has not been
possible to determine why patients with pemphigus and these other abnormal
sera produced graphs that deviated from that of normal serum.
TABLE 4
Non-bullous diseases which pre8ented the "acid-type" curve
DIAGNOSIS NO. OP PATIENTS
Lupus erythematosus under atabrine treatment
Pityriasia rosea
Latent syphilis (sero-positive)
Biologic false positive reactors
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The interpretation of this phenomenon—the deterioration of light absorption
from the normal pattern—may be explained by one or more of these probabilities:
1. Colloidal status of the serum
it is known from the studies by Srensen (8) on the behavior of protein solu-
tions that in serum one probably has not only such component systems as al-
bumins and globulins, which may be isolated by suitable means, but also more
complex systems in which these proteins are combined in varying proportions
with each other and with other serum constituents, such as lipoproteins. Because
of the different chemical composition and varying proportions of the components
of a colloidal complex there are present different colloidal properties. As a result
of these changes there may be a variation in the degree of dispersion of the
colloidal complex of the serum which produces variations in the size of the col-
loidal particles and therefore in the surface areas. These changes will produce
altered potentials for adsorption and absorption of dyes and light. An example
of the influence of the status of a colloidal emulsion on an indicator is the well-
known phenomenon that soap solutions (pH 9.2) produce a red color with Neutral
Red Indicator (pH range 6.8—8.0 shows a red to yellow color change), whereas
it should show an orange-yellow color. On the addition of alcohol the solution
takes on the orange-yellow color because of the dilution of the lipids of the soap
solution. The interpretation of this phenomenon may be found in the fact that
strongly hydrolytically dissociated soap solutions contain colloidally dispersed
fatty acids which act as a negatively charged colloid and adsorb the positively
charged portion of the basic dye in its acid form (9).
The following experiments were designed to ascertain the effect of temperature
changes on the properties of a colloidal complex. In our procedure the pH and
the salt concentration were kept constant. To determine the effect of additional
heating, split specimens from patients with pemphigus which presented the
"acid-type" graph were subjected to increased incubation at 37° C. and to
incubation at 56° C. and 63° C. for varying lengths of time. By increasing the
incubation time or increasing the temperature, the results gradually approxi-
mated the Normal Serum Graph. When serums were incubated for 10—15 minutes
at 56° C. or for 3 minutes at 63° C., the results were identical to the Normal
Serum Graph. Addition of fresh, active guinea pig complement to serums thus
heated did not reverse it to the original "acid-type." It is possible that the effect
of excessive heating of the serum is similar to that observed on the addition of
alcohol to the soap solution.
2. Presence of an "X" factor
The probability exists that a thermo-labile substance may be present in the
serum of a patient with pemphigus which may be the causative agent for the
abnormal pattern of light absorption observed. When two serums (one normal
and the other pemphigus) were subjected to inactivation at 56° C. for 30 minutes,
both serums gave the Normal Serum Graph, which was not reversible.
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3. Qualitative change of albumin fraction
In order to ascertain the effect of the albumin and globulin fractions on light
absorption, two serums, one from a patient with pemphigus foliaceus in a good
general condition, relatively well controlled with cortisone and one from a
patient with pemphigus vulgaris in a progressive stage, both presenting the
"acid-type" graph were subjected to chromatoelectrophoresis by the technic of
Kunkel and Tiselius.2 It will be noted that the electrophoretic pattern of the
serum from the patient with pemphigus foliaceus showed a normal distribution
of the serum components, whereas that of the patient with pemphigus vulgaris
showed hypoproteinemia, hypergiobulinemia, an increase of alpha 1 and 2
globulin and a decrease of beta globulin. From this electrophoretic pattern it is
suggested that the quantitative changes of the albumin and globulin fractions
of the serum are not the factors responsible for the altered light pattern observed
(Chart C graphs X). In Chart D it will be noted that the purified gamma globulin
fraction of serum (of the American Red Cross) presents only a 4% reduction of
light absorption at wave length 615 mp as compared with a 53% reduction when
whole serum is used. Therefore the altered pattern of light absorption may be
2 Courtesy of Miss Barbara S. Jones, Department of Medicine, the College of Physicians
and Surgeons, Columbia University.
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the result of a qualitative change in the albumin fraction. In comparing the two
graphs of pemphigus vulgaris and pemphigus foliaceus (Chart C graphs X) it
will be noted that the graph of pemphigus foliaceus presents a 2% decrease of
light absorption at wave length 615 mi as compared with that obtained at wave
length 550 mz; the graph of pemphigus vulgaris on the other hand presents only
a 0.5% decrease. In Chart D graph XII it is noted that the albumin fraction
of a normal serum shows a marked decrease in the degree of light absorption at
wave length 615 m (23% light absorption) as compared with that obtained with
Brom Thymol Blue alone (80% light absorption); the globulin fraction shows
a 47% light absorption at the same wave length. It should be pointed out that
this globulin fraction separated by the technic of Neurath (12) is not as purified
as that obtained from the Red Cross (Chart D graph XI) and for this reason the
degree of light absorption is decreased. Therefore, it can be suggested that a
patient with pemphigus with a marked hypoproteinemia and an absolute hyper-
globulinemia may present a normal or doubtful pattern of light absorption be-
cause the globulin fraction adsorbs the Brom Thymol Blue to a lesser degree than
the albumin fraction.
DISCUSSION
Serums of patients with bullous diseases were subjected to the spectrophotom-
meter test procedure described. The results obtained in 22 patients with pem-
phigus are recorded in Table 2. It will be noted that the serums of 14 patients
in this group gave graphs compatible with pemphigus ("acid-type" graph) and
in 4 patients a "doubtful graph" was obtained. In the remaining 4 patients a
Normal Serum Graph was obtained. The patients with normal graphs were the
following: No. 19, a patient with pemphigus vulgaris and vegetans had been
clinically free of lesions for 18 months prior to examination and No. 20,a patient
with pemphigus vulgaris, was also free of lesions at the time of examination.
No. 21, a patient in good general condition had lesions of pemphigus vegetans of
3 months duration which were well controlled with cortisone therapy. No. 22had
episodes of pemphigus foliaceus of 11 years duration with active lesions at
the time of the examinations; the tests were repeated on this patient on four
different occasions and a Normal Serum Graph was obtained each time.
The results obtained with the serums of 25 patients with clinical diagnoses of
bullous diseases other than pemphigus are recorded in Table 3. It will be noted
that Normal Serum Graphs were obtained in 20 patients. The remaining 5
patients in this group gave graphs compatible with pemphigus, of these—No. 21
is a patient with active mouth lesions and a hypoproteinemia. No. 22 is a patient
in whom it was not possible to differentiate clinically between dermatitis herpeti-
formis and pemphigus vulgaris. No. 23 was diagnosed clinically as dermatitis
herpetiformis but had active mouth lesions. No. 24was a patient diagnosed as
erythema multiforme bullosum with mouth lesions. No. 25 was a patient with
characteristic dermatitis herpetiformis of 8 months duration.
It was observed that atabrine will influence the pattern of light absorption.
There were 6 patients with lupus erythematosus in this study; three who were
receiving atabrine all presented "acid-type" graphs (see Table 4), the other three
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presented Normal Serum Graphs. It was observed that hemolyzed serums would
also give an "acid-type" graph. The atabrine and the hemoglobin may possibly
affect the light absorption directly by acting as "dyes." One patient while under
Goeckermann treatment presented the "acid-type" graph. When this patient
was retested a few days after this therapy was discontinued, a Normal Serum
Graph was obtained.
SUMMARY
1. A spectrophotometric procedure was used in attempts to differentiate
pemphigus blood serum from the blood serum of other bullous diseases.
2. The serum graphs of 175 patients with a variety of non-builous skin diseases
were obtained to ascertain the normal patterns of light absorption.
3. The serums of 22 patients with pemphigus and 25 patients with bullous
diseases other than pemphigus were examined with this new spectrophotometric
procedure. The results obtained indicated that this test may be of value in the
study of pemphigus; and perhaps also in the diagnosis and prognosis of builous
diseases.
4. Possible factors causing alterations in the light absorption pattern of pem-
phigus serums and of certain other serums are discussed.
REFERENCES
1. PELS, I. R. AND MACNT, D. I.: Phytopharmacological examination of the blood in
pemphigus and in some other diseases of the skin. Arch. Derm. & Syphil. 19: 640,
1929.
2. IJEBACH, E., WOLFRAM, AND BRANDT, R.: Zur Serodiagnose des Pemphigus. Kim.
Wchnschr. 15: 1479, 1936.
3. GRACE, A. W.: The etiologic agent of pemphigus vulgaris. Bull. N. York Acad. Med.
22: 480, 1946.
4. WELSH, A. L.: A diagnostic test for distinguishing Pemphigus, Dermatitis Herpeti-
formis, disseminate Lupus Erythematosis and Erythema multiforme exudativum.
J. Invest. Dermat. 11: 19, 1948.
5. DOSTROVSKY, A., GUREVITCH, L., AND UNGAR, H.: On the question of etiology of
Pemphigus vuigaris and dermatitis herpetiformis Duhring. Brit. J. Dermat. 50: 412,
1938.
6. GRACE, A. W. AND SUSKIND, F. H.: An investigation of the etiology of Pemphigus
vulgaris. .J. Invest. Dermat. 2: 1, 1939.
7. WAELSCH, L.: Bacterienbefund bei Pemphigus vegetans. Arch. F. Dermat. 50: 71, 1899.
8. hAWK, OsER, SuMMER50N: Practical Physiological Chemistry. Pages 148—149. Nature
of Protein Solutions.
9. Tosici, 0.: Chemical Indicators. Translation by A. R. Weir, 1951. Chapter III. page
60.
10. KTJNKEL, H. G. AND TISELIUS, A.: Electrophoresis of Proteins on Filter Paper. J. Gen.
Physiol., 35: 89, 1951.
11. RADAELI, F.: Ancora per lo studio della eziologia del pemfigo cronico. Giorn. ital. mal.
vener. pelle 58: 332, 1917.
12. ERICKSON, J. 0., V0LKIN, E., CRAIG, H. W., COOPER, G. R. AND NEURATH, HANS:
Preparation and Properties of Serologically Active Serum Euglobulin Fractions Ob-
tained by Isoelectric Precipitation. Amer. J. Syph. Gon. & V.D. 31: No. 4 pages
353—355, July 1947.
13. URBACH, E. AND WOLFRAM, S.: The virus of pemphigus and dermatitis herpetiformis.
Arch. Derinat. & Syph. 38: 788, 1936.
